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mented Dickey-Fuller (ADF) (Dickey and Fuller, 1979) ??? Phillips-Perron (PP) (Phillips
and Perron, 1988)?????????????????????????????????
??????????????????????????????? (Engle and Granger,
1987)????????????????Eq.(1)???? VAR (Vector Autoregressive)??
??????Johansen and Juselius (1990)???????????????
Xt =  +
pX
i=1
iXt i + t (1)







VECM(Vector Error Correction Model)??????????? GDP? Granger?????
?????VECM??Eq.(1)????? Xt 1 ????????????????
Xt =  +
p 1X
i=1
 iXt i + Xt 1 + t (2)
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Table 1: Augmented Dickey-Fuller unit root tests









Lag lengths(in parenthesis) are determined by AIC.
* Significant at the 5% level.









Table 2: Phillips-Perron unit root tests









* Significant at the 5% level.
** Significant at the 1% level.
Table 3: Maximum likelihood cointegration tests
Cointegration rank Trace test Maximum Eigenvalue test
Statistics Critical valuea Statistics Critical valuea
None 63.337 47.856 35.941 27.584
At most 1 27.395 29.797 15.825 21.131
At most 2 11.569 15.494 11.311 14.264
At most 3 0.257 3.841 0.257 3.841
Normalized cointegration equation
Y   1:292( 2:199)F + 1:499(4:329)NF   11:267( 5:967)L   0:008( 0:938)TREND
a 95% Critical value
The lag structure of VAR is determined by AIC.
T-values are given in parentheses.
?????GDP?????????????????????????????????
????????????
















Table 4: Estimates of error correction models
Variables Y F NF L
Constant -8.266(-2.025)* -0.170(-0.025) -44.950(-2.729)* -2.037(-0.418)
Y(-1) 0.082(0.284) 0.187(0.277) -1.012(-0.780) 0.166(0.511)
Y(-2) -0.593(-2.190)* - -1.303(-1.323) -0.353(-1.216)
Y(-3) - - - 0.212(0.749)
F(-1) -0.096(-0.987) -0.086(-0.372) -0.416(-1.043) -0.157(-1.517)
F(-2) - - - -0.134(-1.195)
NF(-1) 0.101(2.417)* -0.023(-0.292) 0.029(0.178) 0.066(1.517)
NF(-2) - -0.085(-1.026) -0.064(-0.431) -
NF(-3) - - -0.297(-1.825) -
NF(-4) - - 0.168(1.071) -
L(-1) 0.143(0.586) 0.675(1.215) 0.252(0.229) 0.248(0.634)
L(-2) - -1.120(-2.591)* - -0.081(-0.276)
L(-3) - 0.286(0.661) - -0.088(-0.388)
L(-4) - - - -0.377(-2.005)
ECT(-1) -0.050(-2.029)* -0.001(-0.027) -0.271(-2.728)** -0.012(-0.413)
Diagnostic test
R2 0.41 0.28 0.50 0.46
¯R2 0.29 0.06 0.32 0.19
F-statistic 3.28 1.28 2.66 1.69
DW 1.74 1.92 2.01 1.84
ARCH 0.04 0.95 0.72 0.89
BG 0.44 0.13 1.96 0.45
Lag lengths are determined by AIC.
T-statistics are in parenthesis.
* Significant at the 5% level.
** Significant at the 1% level.
??????????????????????VAR????????????????















Table 5: Granger causality test results
Dependent F-statistics T-statistics
variables Short-run Long-run
Y F NF L ECTt 1
Y - 0.974 5.845* 0.343 -2.029*
F 0.077 - 0.528 2.287 -0.027
NF 1.049 1.088 - 0.052 -2.728**
L 0.659 2.075 2.302 - -0.413
* Significant at the 5% level.
** Significant at the 1% level.
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Response of F Response of NF Response of L
























































































ERoEI(Energy Return on Energy Invested)??????????????????????
????????????????? ERoEI????????????????????
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Abstract: Fossil fuels (oil, coal, gas) are low-entropy nat ural resources which seem to be
indispensable for our economic prosperity. This pap er investigates the relationship between
fossil fuel consumptionandeconomicgrowth in Japa n,usingamultivariatemodelof fossil
fuels, non-fossil energy, labor and GDP. Using the Johansen cointegration technique, the
empiricalresultsindicatethatthereisalong-run relationshipamongthevariables.Thenusing
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